Choosing the right professional that has to meet indeterminate requirements is a critical aspect in humanitarian development and implementation projects. This paper proposes a hybrid evaluation methodology for some non-governmental organizations enabling them to select the most competent expert who can properly and adequately develop and implement humanitarian projects. This methodology accommodates various stakeholders' perspectives in satisfying the unique requirements of humanitarian projects that are capable of handling a range of uncertain issues from both stakeholders and project requirements. The criteria weights are calculated using a two-step multi-criteria decision-making method: (1) Fuzzy Analytical Hierarchy Process for the evaluation of the decision maker weights coupled with (2) Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) to rank the alternatives which provide the ability to take into account both quantitative and qualitative evaluations. Sensitivity analysis have been developed and discussed by means of a real case of expert selection problem for a non-profit organisation. The results show that the approach allows a decrease in the uncertainty associated with decision-making, which proves that the approach provides robust solutions in terms of sensitivity analysis.
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In order to fill in this research gap, this paper aims to develop a group decision-making approach to select experts for humanitarian development projects based on multiple subjective and objective criteria.
The rest of the paper is organised as follows. Section 2 provides a literature review associated with expert selection and the methodologies employed by various researchers. Section 3 gives a comprehensive presentation of the scientific background and methodology developed. Section 4 offers a real application of the approach with the experimental results from a case that involved four decision makers with six criteria in order for them to choose one of the five proposed experts. Section 5 discusses the sensitivity analysis and comparison of the achieved results. Finally, the paper ends with a conclusion and some suggestions for future research directions. For the ANP limitation, researchers also draw attention to the way traditional fuzzy ANP deals with dependences. First, establishing a suitable network structure can be very difficult. Second, the process of constructing pairwise comparison deriving the dependences between the criteria is unnatural and cumbersome, as there are more than four criteria, and thus it can lead to inconsistencies for group decision- Nonetheless, as far as we are concerned, we could not find any studies investigating the match between expert's selections criteria and the requirements expected for humanitarian development projects.
Literature review
Our paper would then fit in filling this research gap by developing a group decision-making approach to pick experts for humanitarian development projects based on multiple subjective and objective criteria.
Hybrid methodology and theoretical background
In most of the situations related to expert selection for humanitarian development projects where a decision must be made, it is rare for the DMs to have in mind a clear single criterion. Thus, when a DM is part of a group decision-making process, it is even rarer to be a priori a single, well- The proposed methodology uses the concepts of multiple-criteria group decision-making and fuzzy sets theory. The approach takes advantage of FAHP for weighting the decision makers as well as the criteria considered, and of TOPSIS in ranking the alternatives. Indeed, since criteria and experts weighting is a process based on
Step 1: Pre-research phase.
Step 2: Fuzzy AHP phase for decision-makers' weights.
Step 3: Fuzzy AHP phase for criteria weights.
Step 4: TOPSIS phase. subjective assessments, an adequate way to obtain decision-maker's judgments is to perform pairwise comparison, which is one of the most important features of AHP. Moreover, due to the quantitative and qualitative natures of the criteria, fuzzy formulations of AHP are more adequate than crisp AHP. Furthermore, TOPSIS (Hwang and Yoon 1981) is a widely accepted multi-attribute decision-making technique for ranking different alternatives for a considered problem. Among the advantages of TOPSIS are (1) the logical representation of the rational of human choice by considering both the best and the worst attributes of alternatives simultaneously (represented by a scalar value), and (2) the simplicity on computation and presentation (Shih et al. 2007 ). The number of attributes does not influence the number of steps, thus it offers a faster solution (Ic 2012). In recent years, TOPSIS has been successfully applied as decision-making tools to different areas, including water management (Srdjevic et al. 
Step 1: Pre-research Phase
In the pre-research phase, a list of the criteria used to select an expert for humanitarian projects is established. Indeed, from a humanitarian organisation's point of view, the expert has the decision-making power governing the field work and the responsibility of implementing the project objectives (Krause 2014). Thus, the selection is based on the concordance and the coherence of the criteria with the requirements of humanitarian and social development projects (Bierschenk and Olivier de Sardan 2003; Rondinelli 2013). Six criteria are identified below.
 C1: Work experience: the experience that a person has accumulated from working in a specific field. Put differently, this criterion covers the previously accomplished jobs and the experience obtained from these jobs. In many cases, a certain degree of work experience is a prerequisite for the assignment of an expert to a humanitarian development project.
 C2: Education: a process in which a person accumulates knowledge, skills, and values out of a given context. The criterion evaluates the educational level and diplomas obtained by the different experts.
 C3: Satisfaction from past projects: experts who had already been assigned to projects in the past can be evaluated through the level of their employers' satisfaction or can provide proof of success. It is closely linked to the way earlier projects have been conducted and managed until their success.
 C4: Motivation: a kind of energy that enables the experts to achieve their goals, to which can be added the willingness to engage oneself in a project and the interest in the project. It partially provides answers to questions like "why does a person apply for a specific project?" By analysing the motivation, further social commitment of the expert, which has not been considered in the experience criterion, can also be taken into account. Due the nature of the job, some examples such as working as a volunteer, or participating in humanitarian and social associations, NGOs, or NPOs, can also be cited.
 C5: Compensation: this is one of the basic criteria used to make a choice. Humanitarian and social projects are often bound to a limited budget. The funding is often collected through donations or directly allocated by non-governmental, governmental, or industrial organizations. Therefore, the remuneration of the experts, in particular the salary expected by an expert, can become an important criterion.
 C6: Capacity of integration: the capacity to adapt someone's behaviour, language, and appearance to the host country or region, and the interest towards the social and cultural issues. Indeed, transmitting ideas and managing projects requires a certain degree of acceptance and integration among the host community.
At a first glance, these six criteria may seem independent. However, since the work deals with humans whose nature is generally characterised by complexity and diversity, it may be interesting as well to consider these criteria as dependent. For the first assumption, fuzzy AHP is adapted to deal with independent criteria with ambiguity in their evaluation, where for the second assumption, ANP seems to be a good technique to be used for the criteria weight evaluation.
Step 2: Fuzzy AHP Phase for Decision Makers' weights
The group consists of four decision makers, denoted as DM 1, DM 2, DM 3 and DM 4. A decision maker who knows all the other ones is appointed to assess each one's importance and expertise level, and makes a pairwise comparison between decision makers on a linguistic scale basis. The linguistic assessments are then converted into triangular fuzzy numbers for Fuzzy AHP evaluations. AHP technique essays the qualitative and the quantitative indices efficiently (Rao and Davim 2008) . This method is advantageous since it does not only rely on the usage of qualitative criteria in decision-making but also allows for presenting the results quantitatively through mathematical techniques, communicating the issues at hand, enhancing the reliability of findings, managing and resolving the different complications, getting the thoughts of the members involved in making decision, collecting the findings of experts to decide on the best alternative, and ranking according to the pairwise comparisons of criteria (Asghari et al. 2017 ).
The combination of AHP and fuzzy logic, and the use of fuzzy numbers is a means designed to obtain more decisive judgments by prioritizing the expert selection criteria and weighting them in the presence of vagueness.
Several fuzzy AHP applications in the literature recommend systematic approaches for the selection of alternatives, and explanation of the problematic by means of a fuzzy set theory and hierarchical structure analysis (Kabir and Akhtar Hasin 2011). As a result of the fuzzy nature of the assessment process, it is more appropriate for decision makers to propose an interval judgment than a fixed value (Bozdağ et al. 2003 ). This study focuses on a fuzzy AHP approach introduced by Chang (1992), in which triangular fuzzy numbers are preferred for pairwise comparison scale. Extent analysis method is selected for the synthetic extent values of the pairwise comparisons as follows:
A fuzzy number is a special fuzzy set
, where x takes its values on the real line, :
x 10 type membership function of M fuzzy number can be described as in Equation (1). When l = m = u, it is a nonfuzzy number by convention.
A linguistic variable is a variable whose values are expressed in linguistic terms. The concept of a linguistic variable is very useful in dealing with situations, which are too complex or not well defined to be reasonably Table 1 . The proposed methodology employs a scale of fuzzy numbers from 1 to 9 symbolize with tilde (~) as triangular fuzzy numbers. Table 1 illustrates AHP and fuzzy AHP comparison scale considering the linguistic variables that describe the importance of attributes and alternatives to improve the scaling scheme for the judgment matrices.
Linguistic scale for importance

Fuzzy numbers for fuzzy AHP Membership function Domain
Triangular fuzzy scale (l, m, u)
x  (0.33, 1.0, 3.0)
Weak importance of one over another
  x (7.0, 9.0, 9.0) Intermediate values between the two adjacent judgments.
If factor i has one of the above numbers assigned to it when compared to factor j, then j has the reciprocal value when compared with i Reciprocals of above By using triangular fuzzy numbers via pairwise comparison, the fuzzy judgment matrix () Aa ij can be expressed mathematically as in Equation (2) 
The judgment matrix A is nn  fuzzy matrix containing fuzzy numbers a ij as shown in Equation (3). 
2007):
Step 1: The fuzzy synthetic extent value with respect to the th i object is defined as: , perform the fuzzy addition operation m extent analysis values for a particular matrix such that
To obtain ) values such that
and then compute the inverse of the vector in Equation (6) 
Step 2: The degree of possibility of 21 MM  is defined as:
and can be equivalently expressed as follows: Step 3: The degree possibility of a convex fuzzy number to be greater than k convex fuzzy numbers i M (for 1, 2,..., ik  ) can be defined by Equation (10).
Assume that:
Next, the weight vector is given by Equation (12).
Step 4: The normalised weight vectors are defined as:
where W is a non-fuzzy number.
Step 3: Fuzzy AHP Phase for criteria weights
At the third step, the decision makers do pairwise comparisons in a linguistic form in order to obtain criteria weights. The linguistic forms are converted into triangular fuzzy numbers for Fuzzy AHP evaluations that use the same procedure as presented in Step 2. Fuzzy comparisons are defuzzified with Chang's extent analysis (1992) and the criteria weights are obtained by the Fuzzy AHP phase. Table 1 . Assuming that n is the number of criteria, the TOPSIS procedure consists of the following steps:
Step 1: Calculation of the normalised decision matrix.
The normalized decision matrix ij r is calculated as:
Step 2: Calculation of the weighted normalized decision matrix.
The weighted normalized decision matrix
ij v is calculated as:
where i w is the weight of the th i attribute or criterion, and 
Where I  is associated with the benefit criteria, and I  is associated with the cost criteria.
Step 4: Calculation of the separation from the ideal solution.
The separation measures are calculated using the n-dimensional Euclidean distance. The separation of each alternative from the ideal solution is given as follows:
Similarly, the separation from the negative ideal solution is given as:
Step 5: calculation of the relative closeness to the ideal solution.
The relative closeness of the alternative j a is defined as:
Step 6: Ranking of the preference order. The preference order is simply ranked according to the work of (Opricovic and Tzeng 2004).
Step 
To obtain the average degree of similarity, p AA is calculated using Equation (25).
Last, the relative degree of similarity ijk  is calculated as shown in Equation (26). 
Application on the selection of experts for humanitarian development projects
Weights of the decision makers and criteria's
The case discussed in this paper is related to the evaluation and selection of experts for a humanitarian development project in Africa proposed by one of the several United Nations offices. The consultancy concerns the reduction of poverty in a rural area, in accompanying and coaching a group of women, producing handmade embroideries. The project is devoted to build up and structure complete value chains that could help this specific population to provide their products on the market and manage them using the most adequate business development techniques. Four decision makers participate in the humanitarian expert selection procedure from the same department according to the rules specified by the United Nations (United Nations 2010). The office is in charge of funding, hiring the expert, and controlling the execution of the project. Five candidates considered as alternatives applied for the job. The decision maker who has a better knowledge of the rest of decision makers is asked objectively to assess each one's importance according to their respective levels of expertise and to make a pairwise comparison between the decision makers (DM i, i = 1,…,4) on a linguistic scale basis. The linguistic assessments are then converted into triangular fuzzy numbers for FAHP evaluations, using the transformation procedure in Table 2 . The results are shown in Table 3 , where each 3-uplet is a triangular fuzzy number. By applying FAHP, the different weights of the decision makers in the selection process are obtained in Table 4 . This process reaches a situation where the weights of the decision makers have different values. In that case, DM 2 is taking almost half of the decision importance in the selection process with a weight equal to 0.449.
Equal Importance
0.33 1,00 3,00 1~ = (1/3, 1, 3) Weak Importance 1,00 3,00 5,00 3~ = (1, 3, 5)
Strong importance 3,00 5,00 7,00 5~ = (3, 5, 7)
Very strong importance 5,00 7,00 9,00 7~ = (5, 7, 9) Extremely preferred 7,00 9,00 9,00 9~ = (7, 9, 9) Table 2 . Representation of triangular fuzzy numbers. 
19
assesses the importance of each criterion compared to the others and fills in the corresponding table. By comparing the criteria and after the application of FAHP, the weight of each criterion is obtained. The different criteria weights are illustrated in Table 5 with:
 C3: Satisfaction with past projects: This criterion has the highest weight (0.264) and corresponds to the objective of giving a maximum insurance to achieve the humanitarian development project objectives through qualified experts, who successfully accomplished their previous assignments.
 C1: Work experience: The second highest weight is given to the criterion 'Work experience' (0.251), which is too close to the weight of C3 (0.264). This is because those two criteria represent complementary concepts linked to the satisfaction with past work in which the expert was involved.
 C4: Motivation: Motivation is an important criterion (equal to 0.237) in the selection of experts that will handle humanitarian projects due to the nature of the job, where the expert can be granted a limited budget and has to face difficult working conditions.  C6: Integration capacity: This criterion is ranked fourth with an important weigh of (0.171). Thus, the expert ability of integrating and leading a team in such a job of a delicate nature is a key factor in the selection process.
 C2: Education: Related to the educational background and diplomas obtained by the expert, this criterion has a weight of (0.077).
 C5: Compensation: Surprisingly, the results show a null weight for the criterion C5 'Compensation'
(financial remuneration). This is explained by the fact that on the one hand, the office offers remuneration on the basis of a predefined fixed scale with limited reimbursement of the travel and subsistence expenses.
On the other hand, the office limits the time schedule within which the project has to be developed and implemented. Thus, the remuneration is more or less the same for all candidates and has no significant influence on the selection process.
The TOPSIS phase consists of evaluating the experts by each decision maker according to the six criteria.
For this evaluation, the fuzzy linguistic variables shown in Table 6 Table 7 . Ideal-solution (A*) and Negative-Ideal-Solution (A-) for each criterion.
As a result, the highest value related to the relative closeness to the ideal solution defines the best adequate expert for the considered activity, taking into account all the criteria and all the evaluations of the decision makers.
According to the relative closeness to the ideal solution, the experts are ranked as shown in Table 8 . The results
show the superiority of Expert 3 with a CC* equal to 0.878. We can also notice that Expert 3 is far away from the second best expert, Expert 1 (0.878 vs 0.557). 
Sensitivity analysis
Sensitivity analysis of Decision-Makers weights
To analyse the quality of the methodology in reaching a good solution under different conditions, a sensitivity analysis is conducted. Two different situations are investigated. In the first situation, the defuzzification phase is addressed to identify the impact of the relative degree of similarities ( ijk  ) on the results. In this investigation, each relative degree of similarity of the decision maker i is increased respectively by 25%, 50%, Figure 3 ). Furthermore, the lowest CCj* value for the Expert 3 is 0.706 calculated comparing all the tests. This value is obtained when the DM 1 relative degree of similarity value is increased by 200% (E1-200 in Figure 3 ). The second best expert is Expert 1 with a highest CCj* value of 0.561 obtained when DM 2 relative degree of similarity value is increased by 200% (E2-200 in Figure 3 ). The lowest CCj* value obtained by Figure 3 ).
From the results in Figure 4 , we notice that the only change in ranking occurs when DM 1 relative degree of similarity value is increased by 200%. Expert 4 (which was originally the last one) reaches this new context the fourth place, same as Expert 5. As a consequence, the ranking obtained through this approach is not significantly affected by the variation related to the degree of similarity of decision makers. Thus, we can conclude that in one hand, the proposed approach is robust since the similarity of the obtained rankings with the original ones especially for Expert 1, Expert 2, and Expert 3
In the second series of tests, the focus is put on the investigation of the effect of the decision maker's weights on the results. The tests are designed by increasing each original decision maker weight by 25%, 50%, 100% and 200%. While one decision maker's weight is increased, the remaining values of decision makers are decreased in certain amount in a way that the total of the weights is equal to one. The result of this sensitivity analysis is given in Figure 5 . The x-axis represents the relative increase of the 
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 When the fourth decision maker's (DM 4) weight value is increased by 25%, 50%, 100% and 200%, Expert 5 (who was originally in the 4 th place) changes significantly his rank; a shift from the 4 th place to the last one. It is also noticed that for E4-200, the difference between Expert 4, Expert2 and Expert 3 is very small. Thus, the fourth decision maker (DM 4) has the most powerful influence on the rankings of the experts.
Sensitivity analysis of criteria weights
The experiments are based on the increase of each original criterion weight respectively by 25%, 50%, 100% and 200%. While one criterion's value is increased, the remaining values of criteria are decreased in certain amount such that the total of the criteria weights is equal to one. The result of this sensitivity analysis is given in Figure 6 . The x-axis represents the increase in criteria weight's values in percentage with respect to the criteria itself Ci (i = 1...6) and the y-axis represents the new relative closeness to the ideal solution CCj* related to the Expert j (j =1…5).
As shown in Figure 6 , an expert rank changes according to the different criteria weights. Indeed, the best candidate depends on the criterion selected to be changed and on its variation. The results are not consistent in this case and they are very sensitive to the variation of criteria weights except for the criterion C5 which is the remuneration of the expert (see the data set C5-25%, C5-50%, C5-100%, C5-200% in Figure 5 ). In this case, the best candidate remains the Expert 3. This is due to the weight of the criterion 'Remuneration' that is originally null as provided by the fuzzy AHP evaluation done by the decision makers. In the variations context, we can notice through Figure 5 that Expert 3 (who was originally the best expert) highest CCj* value is given by (C3-200%)
representing the increase of weight related to satisfaction from past projects while the lowest CCj value is given 
Comparison of the obtained criteria weights (FAHP) with ANP technique result
As mentioned above, we used in this paper Fuzzy AHP for criteria weights (Step 3) assuming that the six criteria are independent. However, since the work deals with experts, taking into account their complexity and diversity, Analytic Network Process (ANP) seems to be a good technique to be used for the criteria weight evaluation for comparison purposes. The advantage of ANP is the capability of solving the problems in which alternatives and criteria have such interactions that cannot be shown in a hierarchy. When decision makers decide to model a problem as a network, it is not necessary for them to specify the levels (Bauyaukyazici and Sucu, 2003).
Indeed, in this case we assume that the six criteria for the humanitarian expert selection are dependent and affect each other, which is referred to as inner dependency (Saaty and Takizawa, 1986) .
The different criteria weights obtained by ANP technique are illustrated in Table 9 , where we notice that the ranking remains the same as the results obtained by our hybrid approach. C3 (Satisfaction with past projects) and C1 (Work experience) have more than half of the total criteria weights. C4 (motivation) comes in the 3 rd place with an important weight equal to 0.128 (vs 0.237). C6 (Integration capacity) in the 4 th place with a weigh of 0.088 (vs 0.171). C2 (education) comes in the 5 th place with a weight of 0.061 (vs 0.77). Unlike the result obtained by our approach, C5 (compensation) comes with a weight of 0.043 (vs 0.000).
From a ranking point of view, this comparison validate our adopted approach. We can also notice that the fuzzy hybrid approach pushes the criteria values towards limits by increasing those having the highest ranking such as C3 and C1 (0.345 vs 0.264 and 0.332 vs 0.251) and decreasing the lowest ranking values like C2 and C5 (0.077 vs 0.061 and 0.043 vs 0.000) which allows to reduce uncertainty for decision makers. Table 9 . ANP criteria weights.
Conclusion
This The real study case discussed in this paper shows that in all the cases where the decision makers' weights or the relative degrees of similarity vary, the most competent candidate to be selected remains the same. This outcome applies likewise for most of the cases where there is an increase in the weights of the different criteria. Therefore, even if in some extreme cases, where the increase amounts to 200%, there could be a variation in the final candidates' ranks. Additionally, in order to corroborate the approach used to weight the diverse criteria, this paper assumes the existence of dependency between those elements. By way of comparison, an ANP technique is developed and the result indicates that the ranking of criteria is not affected. This demonstrates the robustness of the solutions provided by the hybrid approach. In fact, it helps in opting for the decisions that are valid and useful in different scenarios and patterns taking into account alterations in weights of both the decision makers and the criteria. As a matter of fact and as demonstrated through the study case, the applied approach indicates a high rank associated with Expert 3. 
Accordingly, the decision makers selected
